Introduction
============

Gastric cancer is one of the deadly malignant tumors ([@b1-ol-0-0-11224]). During surgical procedures, inflammatory factor-mediated cascade reaction may trigger cerebral ischemia and hypoxia. Subsequent destruction of the blood-brain barrier leads to neuronal apoptosis and postoperative cognitive dysfunction (POCD) ([@b2-ol-0-0-11224]), reduces the quality of life of patients and affects the prognosis of patients.

Studies have shown that ([@b3-ol-0-0-11224]) phosphoinositide 3-kinase (PI3K) signal transduction pathway is one of the most frequently altered pathways in human cancer and plays a crucial role in the formation and deterioration of tumors. The PI3K/Akt pathway is involved in cognitive impairment caused by ischemia-reperfusion injury ([@b4-ol-0-0-11224]). Studies have also shown that the changes of cell signaling play a crucial role in the deterioration of gastric cancer ([@b5-ol-0-0-11224]). In the deterioration of gastric cancer, it has been reported that PI3K/Akt signal transduction pathway is one of the pathways of maladjustment, so the PI3K/Akt signaling pathway plays a crucial role in gastric cancer ([@b6-ol-0-0-11224]).

Dexmedetomidine is an α2-adrenoceptor agonists with sedative analgesic, anxiolytic activity and inhibition of sympathetic excitation ([@b7-ol-0-0-11224]). The most important feature of dexmedetomidine is that patients can be easily awakened from sedation ([@b8-ol-0-0-11224]). In addition, due to the low effect of dexmedetomidine on breathing, it has become the preferred sedative in many operations, such as conscious craniotomy and conscious sedation ([@b9-ol-0-0-11224]).

Studies have shown that dexmedetomidine has a positive effect on the protection of postoperative cognitive function ([@b10-ol-0-0-11224]). However, there are few studies on whether dexmedetomidine influences the cognitive function of patients undergoing gastric cancer surgery through the PI3K-Akt pathway, thus this aspect was studied.

Patients and methods
====================

### Baseline data

A total of 100 patients were diagnosed and underwent radical gastrectomy in Ruijin Hospital North, Shanghai Jiaotong University School of Medicine (Shanghai, China) from July 2016 to July 2018. In experimental group, 60 patients were treated with dexmedetomidine infusion. There were 38 males and 22 females with an average age of 68.37±3.27 years. In control group, 50 patients were injected with the same amount and concentration of 0.9% sodium chloride injection during the same period. There were 30 males and 20 females, with an average age of 68.26±2.07 years. There were no significant differences between the two groups in age and sex.

Inclusion and exclusion criteria
--------------------------------

### Inclusion criteria

Diagnosed with gastric cancer and consented to surgical resection; no radiotherapy, chemotherapy, or comorbidity with other malignant tumors.

### Exclusion criteria

Patients with liver and renal dysfunction, communication and cognitive dysfunction; patients who did not cooperate with the requirements of the study.

This study was approved by the Ethics Committee of Ruijin Hospital North, Shanghai Jiaotong University School of Medicine. Patients and their families agreed to the participation in this experiment and signed an informed consent form.

Experimental methods
--------------------

### Surgical methods

Before the induction of anesthesia, patients in the experimental group received dexmedetomidine (China National Medicines Guorui Pharmaceutical Co., Ltd.) infusion: The initial dose was intravenous drip of 0.5 *μ*g/kg −1 and the maintenance dose was intravenous injection of 0.4 *μ*g/kg −1 h −1. In the control group, patients were injected with the same amount and concentration of 0.9% sodium chloride during the same period. All patients underwent radical gastrectomy under general anesthesia. In the two groups, patients were intravenously injected with midazolam of 0.1 mg/kg, propofol of 1.5 mg/kg, sufentanil of 0.4 *μ*g/kg and vecuronium of 1.0 mg/kg in turn. Anesthesia was maintained with propofol + sevoflurane + vecuronium during surgery. Sufentanil was added or not according to need of the operation.

### Detection methods

In the morning fasting state, 5 ml of the patient\'s elbow venous blood was taken 24 h before and after surgery and centrifuged at 1,500 × g at 4°C for 10 min. The supernatant was placed in a refrigerator at −80°C for later use. The expression levels of tumor necrosis factor (TNF-α), S-100β protein, interleukin (IL-6), PI3K and Akt in the serum of patients in the two groups were detected by enzyme-linked immunosorbent assay (ELISA). All the kits were provided by Shanghai Guangrui Biotechnology Co., Ltd. Specific operations were carried out strictly in accordance with the instructions of the kit.

### Observation indexes

\(i\) The expression levels of serum inflammatory factors TNF-α and IL-6 of patients in the two groups before and after operation for 1 day; (ii) the expression levels of serum PI3K and AKT of patients in the two groups before and after surgery for 1 day; (iii) the number of adverse reactions in the two groups was compared: POCD, hypotension and bradycardia. The criterion for hypotension was systolic blood pressure \<90 mmHg; the criterion for sinus-ventricular bradycardia was heart rate \<55 times per minute; (iv) the mini-mental state examination (MMSE) scores of patients were compared between the two groups: The MMSE score was used to assess the patient\'s cognitive ability. Postoperative MMSE score decreased by 2 points or more than preoperative MMSE score, which was judged as POCD and (v) the correlation between MMSE score and the expression levels of serum IL-6, PI3K and AKT.

### Statistical analysis

Statistical analysis was performed by using SPSS 20.0. (IBM Corp., Armonk, NY, USA) The measurement data were expressed as mean number ± standard deviation (mean ± SD). The t-test was used for comparison. The paired t-test was used for comparison between groups. Enumeration data were expressed as n/%. χ^2^ test was used for comparison. The difference was statistically significant at P\<0.05.

Results
=======

### Comparison of baseline data between the two groups

There was no significant difference in baseline data of age, BMI or TNM stages between the two groups (P\>0.05) ([Table I](#tI-ol-0-0-11224){ref-type="table"}).

### The expression levels of serum inflammatory factors of patients in the two groups before and after operation for 1 day

There were no significant differences in preoperative TNF-α and IL-6 levels of patients between the two groups (P\>0.05). Serum TNF-α and IL-6 levels of patients in both groups after surgery for 1 day were significantly higher than those before surgery (P\<0.05). The levels of serum TNF-α and IL-6 in the experimental group after surgery for 1 day were lower than those in the control group (P\<0.05) ([Fig. 1](#f1-ol-0-0-11224){ref-type="fig"}).

### The expression levels of serum PI3K and AKT of patients in the two groups before and after operation for 1 day

There were no significant differences in preoperative PI3K and AKT levels of patients between the two groups (P\>0.05). Serum PI3K and AKT levels of patients in both groups after surgery for 1 day were significantly higher than those before surgery (P\<0.05). The levels of serum PI3K and AKT in the experimental group after surgery for 1 day were lower than those in the control group (P\<0.05) ([Fig. 2](#f2-ol-0-0-11224){ref-type="fig"}).

### The number of adverse reactions of patients in both groups

The number of POCD of patients in the experimental group was lower than that of patients in the control group (P\<0.05). There was no significant difference between the two groups in the number of hypotension and bradycardia (P\>0.05), but the total number of adverse reactions in the control group was higher than that of patients in the experiment group. The difference was statistically significant (P\<0.05) ([Table II](#tII-ol-0-0-11224){ref-type="table"}).

### The MMSE score of patients in the two groups before and after operation for 1 day

There was no significant difference in preoperative MMSE scores of patients between the two groups (P\>0.05). The MMSE scores of the two groups were decreased at 1 day after operation and the MMSE scores of patients in the control group were significantly lower than those of patients in the experimental group. The difference was statistically significant (P\<0.05) ([Table III](#tIII-ol-0-0-11224){ref-type="table"}).

### Correlation analysis between MMSE score and the expression levels of serum IL-6, TNF-α, PI3K and AKT

The results of correlation analysis showed that the MMSE score was negatively correlated with the expression levels of serum inflammatory factors TNF-α and IL-6 (P\<0.001) and negatively correlated with the expression levels of PI3K and AKT (P\<0.001) ([Fig. 3](#f3-ol-0-0-11224){ref-type="fig"}).

Discussion
==========

The clinical manifestations of POCD includes insanity, anxiety, personality changes and memory loss. It may be related to anesthesia methods, types of surgery, complications and potential cognitive differences ([@b11-ol-0-0-11224]). Therefore, it is very important to study whether the use of dexmedetomidine anesthetic in gastric cancer surgery would cause POCD complications in patients. Studies have shown that dexmedetomidine, as a neurosurgical anesthetic, has a unique sedative and analgesic effect, does not cause respiratory depression, has stable hemodynamics and neuroprotective effects on postoperative bleeding and promote the recovery of nerve function ([@b12-ol-0-0-11224]). The PI3K/AKT signaling pathway plays an important role in the study of anesthetic drugs, neuronal damage and POCD mechanisms ([@b13-ol-0-0-11224]). However, it is unclear whether dexmedetomidine has an effect on the cognitive function of patients undergoing gastric cancer surgery through the PI3K/AKT signaling pathway.

TNF-α and IL-6 have important biological functions in immune and inflammatory responses. Normal levels of IL-6 are associated with the protection and repair of neurons. Conversely, higher levels of IL-6 will increase neuronal damage ([@b14-ol-0-0-11224]). Studies have shown that TNF-α may not only participate in the process of memory, but also play a certain role in the pathophysiological process of POCD ([@b15-ol-0-0-11224]). The results of this study showed that there was no statistical difference in the expression levels of TNF-α and IL-6 of patients between the two groups before operation. The serum TNF-α and IL-6 levels of patients after operation for 1 day were significantly higher than those before surgery, but the levels of serum TNF-α and IL-6 of patients in the experimental group after surgery for 1 day were lower than those in the control group. It showed that dexmedetomidine can inhibit the release of inflammatory mediators of TNF-α and IL-6. Studies have also confirmed that dexmedetomidine can inhibit the release of various inflammatory factors such as IL-6 and TNF-α in endotoxin shock rats ([@b16-ol-0-0-11224]) and this is consistent with the results of our present study.

The PI3K/Akt signaling pathway plays a key role not only in cell proliferation and apoptosis, but also plays an important role in regulating the body\'s inflammatory response ([@b17-ol-0-0-11224]). Studies have shown that dexmedetomidine improves neurocognitive damage caused by repeated propofol stimulation in rats. This is partly due to its anti-apoptotic effect and normalization of the destruction of PI3K/Akt signal transduction pathway ([@b18-ol-0-0-11224]). Our results showed that there was no significant difference in preoperative PI3K and AKT levels of patients between the two groups. Serum PI3K and AKT levels of patients in both groups after surgery for 1 day were significantly higher than those before surgery. The levels of serum PI3K and AKT in the experimental group after surgery for 1 day were lower than those in the control group. It indicated that dexmedetomidine can effectively reduce the levels of PI3K and AKT of patients in serum. Dexmedetomidine participates in the role of PI3K/Akt pathway in patients. Studies have shown that PI3K/Akt signaling pathway is involved in the process of dexmedetomidine to alleviate brain and kidney ischemic injury caused by reperfusion in rats ([@b19-ol-0-0-11224]). The results of Zhu *et al* ([@b20-ol-0-0-11224]) showed that dexmedetomidine can alleviate cerebral ischemia-reperfusion injury through PI3K/Akt signaling pathway, which is consistent with our findings.

Subsequently, we found that the number of POCD of patients in the experimental group was lower than that of patients in the control group and the MMSE scores of patients in the control group were significantly lower than those of patients in the experimental group, indicating that dexmedetomidine has a positive effect on improving MMSE score, reducing POCD and decreasing postoperative adverse reactions. The results are consistent with those of Qian *et al* ([@b21-ol-0-0-11224]). The results of correlation analysis showed that the MMSE score was negatively correlated with the expression levels of serum inflammatory factors TNF-α and IL-6 and negatively correlated with the expression levels of PI3K and AKT. Dexmedetomidine can reduce the expression levels of serum inflammatory factors TNF-α, IL-6, PI3K and AKT improve MMSE scores. Postoperative cognitive dysfunction is also related to the levels of inflammatory factors ([@b22-ol-0-0-11224]). It is speculated that dexmedetomidine may reduce POCD through inflammatory factors TNF-α and IL-6 mediated PI3K/AKT signaling pathway, but this also requires further certification in subsequent studies.

In conclusion, dexmedetomidine can effectively reduce the expression levels of postoperative inflammatory factors in patients undergoing gastric cancer surgery, improve the postoperative cognitive function by regulating PI3K-Akt signaling pathway and promote the recovery of postoperative cognitive function.
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![Expression levels of serum TNF-α and IL-6 of patients in the two groups before and after operation for 1 day. (A) Serum TNF-α levels of patients in both groups after surgery for 1 day were significantly higher than those before surgery. The levels of serum TNF-α of patients in the experimental group were lower than those of patients in the control group. (B) Serum IL-6 levels of patients in both groups after surgery for 1 day were significantly higher than those before surgery. The levels of serum IL-6 of patients in the experimental group after surgery were lower than those in the control group. \*P\<0.05. TNF-α, tumor necrosis factor-α, IL-6, interleukin-6.](ol-19-02-1151-g00){#f1-ol-0-0-11224}

![Expression levels of serum PI3K and AKT of patients in the two groups before and after operation for 1 day. (A) Serum PI3K levels of patients in both groups after surgery for 1 day were significantly higher than those before surgery. The levels of serum PI3K of patients in the experimental group were lower than those of patients in the control group. (B) Serum AKT levels of patients in both groups after surgery for 1 day were significantly higher than those before surgery. The levels of serum AKT of patients in the experimental group were lower than those of patients in the control group. \*P\<0.05.](ol-19-02-1151-g01){#f2-ol-0-0-11224}

![Correlation analysis between MMSE score and expression levels of serum IL-6, TNF-α, PI3K and AKT. (A) MMSE score was negatively correlated with the expression levels of serum TNF-α (r=−0.975, P\<0.001). (B) MMSE score was negatively correlated with the expression levels of serum IL-6 (r=−0.976, P\<0.001). (C) MMSE score was negatively correlated with the expression levels of serum PI3K (r=−0.908, P\<0.001). (D) MMSE score was negatively correlated with the expression levels of serum AKT (r=−0.935, P\<0.001). MMSE, mini-mental state examination; TNF-α, tumor necrosis factor-α, IL-6, interleukin-6.](ol-19-02-1151-g02){#f3-ol-0-0-11224}

###### 

Comparison of baseline data between the two groups (n/%).

  Factors             Experimental group (n=60)   Control group (n=50)   t/χ^2^   P-value
  ------------------- --------------------------- ---------------------- -------- ---------
  Age/years           68.37±3.27                  68.26±2.07             0.206    0.837
  BMI (kg/m^2^)       21.3±2.45                   21.5±2.36              0.433    0.666
  TNM stages                                                                      
    Stage I           28 (46.67)                  21 (42)                         
    Stage II          32 (53.33)                  29 (58)                0.240    0.624
  Gender                                                                          
    Male              38 (63.33)                  30 (60)                         
    Female            22 (36.67)                  20 (40)                0.128    0.720
  Hypertension                                                                    
    Yes               20 (33.33)                  18 (36)                         
    No                40 (66.67)                  32 (64)                0.086    0.770
  Diabetes mellitus                                                               
    Yes               26 (43.33)                  22 (44)                         
    No                34 (56.67)                  28 (56)                0.005    0.944
  Hyperlipidemia                                                                  
    Yes               22 (36.67)                  23 (46)                         
    No                38 (63.33)                  27 (54)                0.983    0.322
  Smoking                                                                         
    Yes               43 (71.67)                  34 (68)                         
    No                17 (28.33)                  16 (32)                0.175    0.676
  Drinking                                                                        
    Yes               34 (56.67)                  35 (70)                         
    No                26 (43.33)                  15 (30)                2.074    0.149

###### 

The number of adverse reactions of patients in both groups (n/%).

  Grouping       Experimental group (n=60)   Control group (n=50)   χ^2^    P-value
  -------------- --------------------------- ---------------------- ------- ---------
  POCD           12 (20)                     20 (40)                5.288   0.022
  Hypotension    5 (8.33)                      6 (12)               0.901   0.343
  Bradycardia    4 (6.67)                    3 (6)                  0.020   0.887
  Total number   21 (35)                     29 (58)                5.819   0.016

POCD, postoperative cognitive dysfunction.

###### 

The MMSE score of patients in the two groups.

  Grouping                    Experimental group (n=60)   Control group (n=50)   t-test   P-value
  --------------------------- --------------------------- ---------------------- -------- ---------
  Before operation            28.54±4.34                  28.48±4.25             0.073    0.942
  After operation for 1 day   27.34±2.45                  24.21±3.11             5.903    \<0.001

MMSE, mini-mental state examination.
